Clinical laboratories worldwide are accredited according to the "ISO standard, 15189:2012: Medical Laboratories-Requirements for Quality and Competence." Seeking accreditation has many challenges. Success requires the right competencies and knowledge and the right technical expert and trainer to lead the laboratory through the process. The right competencies and knowledge typcially are beyond the core knowledge, skills and attitudes gained during education of laboratory professionals. The main objective of this paper is to discuss what competencies, knowledge and expertise are essential for laboratories to meet accreditation challenges and gain ISO 15189:2012 accreditation.
INTRODUCTION
The "ISO 15189 Standard: Medical LaboratoriesRequirements for Quality and Competence" is an internationally accepted accreditation standard based on a series of requirements (1) . Like other ISO Standards, ISO 15189 identifies what laboratories need to do, but not how to do. Each laboratory specifies the "how" for its situation using knowledge thought to be acquired during the training of medical laboratory specialists and included in the core curricula/syllabi published by scientific, professional and government authorities (2, 3) . However, ISO 15189 accreditation typically requires knowledge and competencies beyond the educational scope. A key to ISO 15189 accreditation is the quality management system. In this context, it is useful to understand and apply concepts from "ISO 9001:2015 Quality Management Systems-Requirements," and the CLSI Guideline, "GP26-A3: Application of a Quality Management System Model for Laboratory Services (4, 5) . This paper presents the main areas and basic tools for gaining the competencies required by ISO 15189:2012 and to share my experiences of the ISO 15189 technical expert and trainer.
MAIN AREAS AND BASIC TOOLS FOR SUCCESSFUL ACCREDITATION WITH ISO 15189:2012
The medical laboratory environment is rapidly changing. In order for effective management, the laboratory directors must be technically and clinically competent in their defined specialty areas, and also have relevant and common managerial, statistical and computer knowledge and skills. These attributes can be collected under the main topics such as "Quality Management", The clauses' numbers of the ISO 15189: 2012 Standard that are related to the competencies that should be gained by laboratory professionals are listed under the competency topics in Figure 1 .
To establish a quality management system requires a systematic, process-oriented approach so that quality objectives/requirements are achieved. The sub-processes of the total testing process of a medical laboratory seen in Figure 2 can be managed according to the simple work flow shown in Figure 3 in regard to the process core components (e.g., inputs, outputs, resources, activities and controls), and its elements (e.g., personnel, methods, materials, equipment, environment and measures). Since continuous improvement is one of the key requirements of the ISO 15189, the methodologies and standards such as the "Plan, Do, Check, Act (PDCA)" Cycle, Six Sigma, Lean, Lean Six Sigma, total quality management, statistical process control and cause-effect analysis are the improvement tools used widely as listed in Figure 1 (6, 8, 11, 12) . The medical laboratory total testing process 
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In addition to the topics mentioned in the previous paragraph, knowledge of quality management sub-processes is important to provide a systematic initiation. Such that establishment the QMS is composed of three processes; quality planning (QP), quality assurance (QA), and quality control (QC) (Figure 4 ) (6). In the QP process, the managerial, operational and functional (supportive) processes of total testing process of a medical laboratory as required by ISO 15189 are defined, the resources according to each test system are allocated, and quality objectives and quality indicators of each subprocess are defined considering each test ( Figure 5 ). QC process covers the operational process control techniques to fulfill quality requirements defined for each test in order to achieve each subprocess (analytical and non-analytical processes) performance.
QA process is composed of planned and systematic activities to provide evidence-based information that a medical laboratory fulfills quality requirements defined as quality objectives and quality indicators for each sub-processes in the QP stage, and provides the report for continuous improvement activities (Clause 4.12).
Learning resources, required knowledge, skills and competencies for each activities in the subprocesses are summarized in Figure 5 .
The important common issue in preparation for accreditation is confusion about the differences between quality system certification and accreditation. 

DIFFERENCE BETWEEN ACCREDITATION AND QUALITY SYSTEM CERTIFICATION
It is important to realize the difference between the ISO 9001 quality system certification and the ISO 15189 accreditation. The ISO 9001 certifies the consisted business processes are being applied, but it is not guarantee the quality of the end products and services such as the ISO (1, 4) . In this context, the ISO 9001:2015, especially risk-based process approach, should be well understood before accreditation process. Although there are correlations between two standards, it is crucial to keep in mind the differences because accreditation is deserved for specific activities such as to provide effective and efficient test results whereas certification relates to the whole organization.
Figure 4
Quality levels that define the quality management processes required to establish a quality management system
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Figure 5
The decision, design and implementation processes for a new analyte, and required knowledge, skills and competencies
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GP26-A3 ISO 15189:2012
Documents and Records 4.14.6 Risk management 
PREPARATION FOR ISO 15189 ACCREDITATION
The quality system essentials in the GP26-A3 can be used as framework with the process approach (5). Table 1 
depicts the correlations between the
QSEs and the ISO 15189. The QSEs are matching to the process core components and elements in Figure 3 of total testing process in Figure 1 . As seen in Figure 5 , all activities that are performed for decision of a new analyte and its application are also in between the requirements of the ISO 15189.
Preparation for the ISO 15189 accreditation is challenging, and requires comprehensive knowledge and competency (13) . Learning the topics listed under the main areas related to the competencies required by the ISO 15189 accreditation summarized in Figure 1 may be helpful for successful accreditation.
The steps may be organized as:
1) Defining activities according to the quality levels ( Figure 4) ;
2) Defining the process core components and process elements of the total testing process and its sub-processes for each test according to the process approach ( Figure 3); 3) Defining all key process controls (key performance specifications and quality indicators)
for each test process that is in the accreditation scope.
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TRAINING PROGRAMS, PROFESSIONAL DEVELOPMENT AND CAREER PLANS
The main duty of a laboratory professional is to provide the reliable and accurate laboratory test results cost-effectively and timely. Besides this, there are responsibilities of laboratory in respect to the value-based health care (14, 15) .
Accreditation against the ISO 15189, if it is performed ideally, adds value to health care quality in respect to both human health, and the tracking and evaluation of in vitro diagnostic medical devices at the national level if the government establishes infrastructure for collecting the data. However, acquiring diverse knowledge and competencies that are growing exponentially is a challenging issue for a laboratory director.
The other challenging issue is that it is not possible to find a university or teaching hospital that has sufficient trainers who have all required knowledge and skills. One of the solutions may be the training courses organized by experts both in classroom and in distance-learning formats. The training programs should be competency-based in the concepts of "case-based", "entrustable professional activities" and task-based (16, 17) .
Distance-learning courses (DLCs) can provide the rapidly increasing knowledge that should be learned and replace live on-site courses, which have high participation costs. However, the DLCs on the "Medical Laboratory Mathematics and Statistics" organized for the last 2 years encountered some challenges (18). These courses are 1.5 -2 months long and require 3-hours of study per week. They contain texts, presentations, virtual classrooms and videos that enable the participants to practice with Microsoft Excel and SPSS calculations of problems and the assessment quizzes. However, it was observed that the laboratory specialists usually do not have enough time to work on the material.
Standardization of core knowledge of laboratory professionals required for the ISO 15189 accreditation can be established and online central examinations which would assess these requirements can be organized by the IFCC or the Regional Federations. Such initiatives will be helpful for laboratory professionals to decide what they need to learn and self-evaluate their knowledge.
